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HELICAL PARAMETERS OF REGULAR n-HELICES IN PROTEINS
(Part 2)

The a-helix, 3;p-helix, n-helix and @-helix have been observed in protein structures.
They account for 32% of residues, 4%, 0.3% and 0.2%, respectively. However, these per-
centages depend on resolution of solved structures and method for assignment of secondary
structures. May 2016, culled Protein Data Bank (PDB) data set, containing 2901 protein
chains with less than 25% sequence identity and < 1.64 resolution (R-value < 0.25), was
used in this analysis. Secondary structure assignments are performed by DSSP, STRIDE
and SECSTR for n-helices. Helical parameters-pitch, residues per turn, radius, handedness
and p = rmsd/(N-1)"” for m-helices are determined by HELFIT program. p-Value, esti-
mates helical regularity and all w-helices with p < 0.104, were identified as regular. Heli-
cal parameters of protein w-helices are compared with those of canonical m-helices and
other types of protein helices.

Keywords: 3;-helix, a-helix, n-helix, helical parameters, regular helix, protein struc-
tures, protein chains.
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CIIUPAJIbHBIE TAPAMETPBI PEI'YJISIPHBIX
n-CIIMPAJIEU B BEJIKAX (YacTts 2)

o-Cnupanw, 3 19-cnupais, T-CRupaib U O-CHUPALbL HAOMOOAIUCH 6 OEIKOBLIX CHPYKNLY-
pax. Onu cocmasasirom 32% om ocmamros, 4%, 0,3% u 0,2%, coomeemcmeenno. OOHaxo
9MU NPOYEHMbL 3A6UCAIN OM PA3PEULEHUs. PeULAeMblX CIPYKMYpP U CROCOOY NpUC8OeHUs
emopuunwlx cmpykmyp. Bozmoorcrno 2016, uz omobpannozo Habopa 6 0anHvix OAHK 0enKos
(PDB), cooepocawux 2901 denxosvie yenu ¢ menee uem 25% udenmuunocmu nociedosa-
menvnocmu u < 1.64 paspewaioweri cnocobnocmu (R-3nauenus < 0.25), ucnonvzoeamo 6
omom ananuze. Bmopuunvie 3adanus cmpyxkmypor evinoausiomes DSSP, STRIDE u
SECSTR onsn w-cnupaneii. Cnupaivhvle napamempul uiazd, oCmamiu Ha 060pom, paouycol,
xupansrocmu u p = RMSD/(N-1)"? ons p-cnupaneii onpedensiomen npoepammori HELFIT.
p-3navenus, oyeHugaiowue CnUpaTbHyIo pezyisprHocms u eéce m -cnupaneti ¢ p < 0.104,
ovLIU udeHmupuyuposansvl kaxk pecyasprvle. CnupaivHvle napamempuvl Oeixa p-cnupaetl
CPABHUBANUCH ¢ OAHHBIMU KAHOHUYECKUX P-CRUPAIEU U OpYeUx munog Oeiko8uix cnupaietl.

KuloueBble cioBa: 3;)-cnupaneii, o-cnupanei, T-CNupaib, CHUPATbHbIE NAPaAMempbl,
peaynapubie cnupaiu, OeiKogvle CmpyKmypbl, 6eIKogble yenu.

Introduction

Helix is one of two main types of secondary structures in proteins. Helices are
usually designated as i, based on the number of residues per turn (i) and the num-
ber of atoms in the ring joined by the backbone hydrogen bond (») [1]. Pauling and
Corey first hypothesized the a-helix (3.6;3) and the y-helix (5.1;7) structures [2].
Donohue later considered the possibility of other types of helices (2.2, 310, 4.314
and 4.4¢) [3]. Low and Baybutt also suggested the possibility of the 4.44-helix or
n-helix [3]. The main stabilizing factor for helical structures in polypeptides is re-
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peated hydrogen bonds between main chain carbonyl oxygen (C=0) and amide
hydrogen (NH) groups with the a-helix characterized by an (i < i+4) pattern, the
310 and the m-helix by repealing (i «— i+3) and (i < i+5) hydrogen bonds, respec-
tively [4].

There are several programs perform assignments of secondary structures based
on three-dimensional (3D) atomic coordinates of proteins [4-6]. Among these,
DSSP [4] and STRIDE [5] are the most widely used [7]. DSSP identifies helices
based on the repeating (i«—i+n) hydrogen bonds with corresponding to n of 3, 4
and 5 for 3,9, a- and w-helices, respectively [4, 8]. STRIDE uses both hydrogen
bonds and main chain dihedral angles to define secondary structures [S]. DSSP
program identified only 9 unique n-helices from the database of more than 6000 of
proteins [9]. Fodje and Karadaghi defined 116 m-helices using their home made
program, SECSTR, from the database of 932 high resolution 3D structures of
proteins [7].

These different results can be explained by the following two reasons: 1) Num-
ber of solved 3D structures was insufficient by this time 2) Programs to assign of
secondary structures use different methods.

We studied helical parameters of protein helices with HELFIT program and
compared with the parameters of canonical nt-helices.

Materials and Methods

Composition of database

The 16 May 2016 culled PDB data set, containing 2969 protein chains with
less than 20% sequence identity and resolution < 1.6 A (R-value < 0.25), was used
in this analysis.

DSSP program

DSSP performs secondary structure assignments by the bonding energy
E<-0.5 kcal/mol between C=0 of residue i and N-H residue n (i « i+n). The op-
timal hydrogen bonding energy for mainchain-mainchain N—H---O hydrogen
bonds E,, < —3 kcal/mol. Hydrogen bond energy depends on both electrostatic inte-
raction N—H---O of atoms and of hydrogen bonds angle 6 [4].

STRIDE program

STRIDE program is designed for protein secondary structure assignment from
3D atomic coordinates based on the combined use of hydrogen bond energy and
statistically derived backbone torsional angle information [7]. The hydrogen bond
energy Ey, is calculated using the empirical energy function derived from the anal-
ysis of experimental data on hydrogen bond geometries in crystal structures of
amino acids in polypeptide chains [10].

SECSTR program

SECSTR is a new addition to the DSSP program that is dedicated to identify-
ing -helices, which were seldom assigned by older versions of DSSP and STRIDE
[7]. The secondary structure assignment methods based on hydrogen bond assign-
ments (DSSP, STRIDE, and SECSTR) produced nearly identical assignments, with
more than to 90% [6].
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HELFIT program

HELFIT enables to calculate simultaneously all five of the helix parameters
with high accuracy. The minimum number of data points required for the analysis
is only four. HELFIT also calculates a parameter, p = RMSD/(N—1)"2, which esti-
mates the regularity of helical structures independent of the number of data points,
where RMSD is the root mean square distance from the best-fit helix to data points
and N is the number of data points [11].
Results and Discussion

We identified 27, 22 and 340 n-helices from 2901 high resolution protein struc-
tures by DSSP, STRIDE and SECSTR programs, respectively. All m-helices are
divided into two groups, regular and irregular, with p-value: p <0.10 A regular and
p > 0.10 A irregular. 7 of 27, 5 of 22, and 76 of 340 helices are grouped as regular
by the HELFIT program. In order to compare protein n-helices with the canonical
n-helices the only parameters of regular n-helices are used for the further analysis
(Table 1).

Table 1
Helical parameters of 86 regular m-helices in proteins identified by DSSP,
STRIDE and SECSTR program

PDB  Chain Po Az V. Identified Pro-
ID sition P(A) 5 (A)’ r(A) Ay P (A) gram

1IDJO A _81-87 5.01 4.18 1.20 2.58 25.06 0.10  SECSTR

IDK8 A 242- 5.12 4.36 1.17 2.69 26.70 0.10 SECSTR

IELK 14_995-101 524 442 119 270 2715 010 SECSTR
VET ?0—8301' 482 444 109 280 2674 009 SPCSTR
QAL 510 430 119 267 2656 009 SPCSTR
O A 499 453 110 281 2733 009 gorSTRIPE:
SV ?52;12276_ 530 464 114 287 2956 o010 OPCSTR
RO A 8o 530 447 119 280 2920 006 DSSP
IRK6 §‘9—3387' 514 441 117 274 2749 004 SIRIDE
RO A8 522 437 119 271 2756 006 OPCSTR
ASEO sy 43 s 213 2200 oes SPOSTR
1XGO A0S 532 455 117 284 2963 o010 SPCSTR
A e 502 431 116 270 2667 007 SPCSTR
2BF A0 520 450 116 280 2846 o010 OPSSTR

2C11 A 51-57 5.12 4.33 1.18 2.68 26.68 0.09  SECSTR
2DPL A _68-74 5.17 4.42 1.17 2.77 28.20 0.03  SECSTR

2GZ8 116‘6—91 63- 5.31 4.53 1.17 2.83 29.49 0.09 SECSTR
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PDB  Chain Po Az V. Identified Pro-
D siion @A n Ay A j B

ZHIV - A_264- 505 421 122 262 2638 009 SECSTR

274
IS A 2835 515 442 117 275 2768 007 SECSTR
200A 2‘3—0424' 503 448 115 279 2800 o008 SECSTR
2P31 ?1—3207' 515 432 119 271 2751 o008 SECSIR
W6 A 154 SECSTR
- - 508 438 108 273 2769  0.08

ZDPB AB8D4  so4 442 119 277 2858 009 SECSIR
DPOF A 37-43 529 452 117 281 2903 010 SECSTR
éPY B6I-67 517 439 118 276 2818 002 DSSP
2PY A 232- 500 442 115 275 2736 006 DSSP

X 239

;PY %—8232' 506 442 114 278 2780 005 SIRIDE
2PY A 232- 508 442 115 275 2731 006 SECSTR
X 239

éRB f‘z—gl 22- 525 449 117 277 2819 009 SECSTR
iVL AG8TT 57 400 132 279 3222 009 SECSTR
%WQ AS965 536 455 118 281 2922 o010 SECSTR
f(XR ?0—6300' 520 434 120 270 2744 003 SECSTR
2Y53 A 48-54 511 423 121 262 2605 0.0 SECSTR
3A0Y /;‘2—97 23- 511 432 118 270 2709 006 SECSTR
éBH fg—;zg' 507 440 115 277 2778 o008 SECSIR
3HOC A 382- SECSTR

391 5.28 4.44 1.19 2.75 28.25 0.09

3IT3 A _56-63 5.16 4.45 1.16 2.80 28.56 0.04  SECSTR
30A] A 24-30 4.97 4.29 1.16 2.72 26.93 0.07  SECSTR

30¢) ?5—925 3 513 462 111 288 2893 010 SECSTR
%OY §‘3—3227' 549 441 124 274 2936 o008 SECSTR
3PB6 X 9399 525 454 116 283 2910 006 SECSTR
3PIP f‘3—;0334' 508 444 117 277 2812 o010 SECSTR
3Q28 ?8—6280' 530 450 118 281 2922 008 SECSTR
3RRI A 2228 517 443 117 277 2813 006 SECSTR
385 A 692- SECSTR
> s 524 445 118 276 2818  0.09

3TAL f‘ﬂl 63- 520 445 119 277 2866 005 SECSTR
3VE A 437- SECSTR
N e 504 441 117 275 2769 0.10

3WA X 297- DSSP

5 303 5.04 4.25 1.19 2.68 26.76 0.10
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PDB  Chain Po P(A) Identified Pro-

Ry A g5 p@A)

D sition arom
(3)2]3 A0 55 450 116 282 2898 008 SPCSTR
40AY f‘z—g > s18 428 121 265 2670 oo SPCSTR
4BIY B 8894 522 442 118 276 2826 009 SECSTR
4CBR §‘6—53 > 506 435 116 276 2784 005 SCCSTR
%CB ABI9S s 507 103 272 2393 006 SCSTR
4CD5 §§j48- s11 438 117 275 2772 007 OECSTR
b ?gg > 525 455 115 281 2862 009 OSCSTR
4DJA §s1_1305- 499 432 116 273 2705 009 OECSTR
ADIA - A_405- 510 439 116 275 2760 oo OPCSTR
AES A 137- 536 414 129 259 2728 007 OSPCSTR
M 143
el /13}‘51 2 502 435 115 272 268 009 SECSTR
16V %_9231- 519 446 116 276 2785 006 DOF
;GV ?582 > 504 446 115 280 2839 007 SIRIDE
;GV %92 o 516 444 116 277 2801 005 OSCSTR
413G ?6_4257_ 513 436 118 273 2755 008 DSF
413G §63257- 502 440 116 274 2745 009 SIRIDE
o ?6‘42 > 521 438 119 271 2744 009 SPCSTR
4JA8  A_66-72 529 453 117 285 2980 010 SECSTR
ALRT §s7_3267- 528 446 118 278 2874 009 SCCSTR
;ME /15;9_81 92- 486 447 109 281 2697 009 SECSIR
4QB3 A 6672 508 453 112 284 2842 009 SECSTR
e ?1‘83 t 51 438 117 274 2752 009 OPCSTR
o ?3—3127' 507 454 112 285 2850 007 OSPSTR
T SECSTR

L 379 5.23 4.53 1.15 2.81 28.64 0.08

4WRI A 65-71 5.18 4.38 1.18 2.73 27.69 0.06  SECSTR

4XE - A_120- 5.15 433 1.19 2.69 27.04 0.08 SECSTR

M 126
4XFJ A 68-74 530 445 119 274 2809 0.0 SECSTR
4XQ7 §2_3217- 517 449 115 279 2816 009 SCCSTR
4298 /1%1‘51 0% 5.22 4.40 119 273 2778 009 SECSTR
472G A 115- SECSTR

W 171 5.29 4.53 1.17 2.80 28.76 0.10
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PDB  Chain Po P(A) Identified Pro-

S AL

ID sition oram
SA0Y §‘2—43 e 509 446 114 277 2751 010 SECSTR
]SgAZ ?1—02 03- 515 441 117 274 2754 009 OPCSTR
OBSR §‘4—72 40- 512 433 118 268 2668 010 SPCSTR
W AP sm a2 w30 oo SPOTR
WA s 4 1 2 w33 o0 PR
SE8X ﬁ;—; 42 500 435 117 274 2760 o008 OPCSTR
LI 4A9—f 8- 522 455 115 281 2846 010 OECSTR
Hz7 ;*8—62 80- 525 449 117 280 2880 o008 OPOSTR

Average 5.17+0 4.42+0 1.17#0 2.75+0 27.89+ 0.08+0
1 13 .04 .06 1.09 .02
Canonical n-helix  5.16 4.40 1.15 2.68 25.9 -

“ Voronoi volume (¥,=n-r*Az); ” Helix rise per residue Az=P/n;

Total of 88 regular n-helices are 7, 5 and 76 identified by DSSP, STRIDE and
SECSTR program respectively. The n-helix is identified at position 199-205 of A
chain in 1KKO protein by the three programs [12-18].

Helix radius and Voronoi volume of real n-helices are larger than that of canon-
ical m-helix. The other helix parameters are close to the parameters of canonical 7t-
helix. Average length is 7.47 residues and length is in range of 7-12 residues
(Table 2).

Table 2
Average of helical parameters for regular n-helices in proteins and standard
deviations
Average P> (A) ) An(A) v (A)  To(A) o (A)
n-helices 5.13+0.  4.41+0. 1.16+0. 2.76+0. 27.75+0. 0.07%0.
(DSSP) 10 09 03 04 78 03
n-helices 5.09+0. 4.44+0. 1.15£0. 2.77+0. 27.69+0. 0.07%0.
(STRIDE) 06 05 02 03 38 02
n-helices 5.17+0. 4.42+0. 1.1720. 2.75+0. 27.90+1. 0.08%0.
(SECSTR) 11 13 04 06 13 02

Standard deviations of helical parameters for m-helices identified by SECSTR
program are larger than DSSP and STRIDE programs. Also, average values of the
helix radius » and number of residue per turn n are approximate to each for the
three programs.
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Fig. The Ramachandran-map of regular n-helices in proteins. The ¢, y angles are
indicated in panels which regular n-helices identified by A) DSSP, B) STRIDE and
C) SECSTR, respectively. The abscissa is ¢; the ordinate axis is y. The ¢, y of re-

sidues at N, and C, are not shown.

Average dihedral angles of regular n-helices were determined at each for DSSP
(-77°+14°, -50°+11°), STRIDE (-77°+15°, -51°¢12°) and SECSTR (-81°+18°, -
44°+21°) programs. The average values of backbone dihedral angles (¢, ) of all
regular n-helices observed were found to be (o, y)=(-81°, -45°) with standard dev-
iations (c,, 6,)=(17°, 20°). The average of dihedral angle is larger than canonical
n-helix (-57°, -70°). The o, y angles of regular n-helices are located on an allowed
regions for other residues except for glycine, were removed from the calculation

(Fig.).
Conclusion

e 2901 3D structures of high resolution protein structures were downloaded
from Protein Data Bank (PDB) and there are 389 m-helices. In average, every
protein contains 0.13 m-helices.

o All w-helices are divided into two groups, regular and irregular. 89 w-
helices are regular among the total of 389 n-helices, 4.37%. Helix parameters of all
regular w-helices are used for further analysis.

e Radii of all n-helices and Voronoi volume are larger than that of canonical
n-helices and all the helical parameters are comparable with those of canonical
helices.
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